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Assessment of double shell ablator

asymmetry sources and shape control

L2 Milestone Review

Fill tube

Low-Z
ablator
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. for LANL double shell team
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Los Alamos National Laboratory

We have a work break-down framework for addressing
key gaps in multi-shell physics

Target Driver coupling

Shape Transfer

Indirect Drive (LANL',LLNL2)

Foam energy dissipation % g
LPI q

N

 Sources of
asymmetries
Hohlraum/Laser drive

Joint/shell offset
Foam density

Diffusion of High-Z materials into gas
High/Low Z mix
* Radiation Trapping Efficiency

* Defect Hydro
» Joint + Fill tube

» Convergence effects
« Stability of inner shell

Radiation Trapping/Kinetics/Burn

Inner shell stability

'E. Merritt et al Physics of Plasmas 26, 052702 (2019)
2Y. Ping et al., Nature Physics (2018)

LANL point design

g 1110 pum
140 pm thick
Y g70pm

CH foam,

35mglee [ 675 um thick

Be tamper,
1.85 glce

7« pm thick

295 pm
255 um

W inner shell,
215 um ’

19.41 glcc,
40 pm thick

200 mg/cc
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An L2 milestone schedule was submitted to NNSA in
2020 based on our 5-year development plan

FY22 FY23

FY21

L2 milestone schedule

[um]
. £ £ & 8§ 8§
uoissiwsues) Aer-X ANOY

) t=7.500 ns

r [um]

. -300/ o
- o300 -200 ¢ 300 oo/
0 120 240 36 0
|

[22/6) ¢ °1Bo)
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» L2 Milestones (double shell platforms and physics)
[Q3 FY21] outer shell symmetry control Inner shell stability
[Q4 FY21] Ablator joint feature modeling validation

[Q1 FY22] Predicted sensitivities to low/mid-mode inner shell shape

[Q2 FY22] ARC high-energy radiograph demonstration of full double shell

[Q4 FY23] demonstration of inner shell shape transfer control

. [Q4 FY23] evaluation of graded density pusher for mix control

oo hwhN=
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This L2 milestone definition and assessment approach

Definition:
« Complete assessment of outer-shell shape asymmetry, including
identification of sources and quantification of control.

 Measurements of outer shell shape are evaluated and compared
with known and suspected sources of asymmetry

* Panel evaluation of the completeness of the analysis and
identify unconsidered sources of asymmetry

Approach:

 HYDRA integrated hohlraum/capsule simulation sensitivities to
asymmetry sources (Loomis)

« Comparison of shape data to current best hohlraum model HYDRA
postshots (Sacks, Keiter, Robey)

' a4\
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LANL point design double shell trades-off high 1D yield
for robustness against asymmetries

XRAGE simulations J. Sauppe

Inner & Tamper Thickness [;:m]
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Best fall line <= Higher 1D yield

Decrease fuel volume to increase stagnation
pressure and temperature
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» High stagnation pressure and high, sustained collision foam pressure leads to
‘upstream’ burn, which reduces time for asymmetries to perturb fuel
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Hohlraum low-mode asymmetries mostly come from non-

10.13 mm

3.5ns 50ns

Only lower cones shown

Au hohlraum

Ne

-— 8.000e+21

— 6.000e421

4.000e+21
2.@64%1

2.086e+15
Max: 2.341e+24
Min: 2.086e+15

.

Laser power (TW)

optimal laser cone pointing and laser power balance

Hohlraum asymmetry sources

* Pulse shape (CF vs time)

+ Beam pointing

*  Hohlraum fill density

« Backscatter, glint and CBET
*  Preheat (mainly inner shell)

1.5 MJ laser energy pulse shape

400-] Total laser power _ -0.5
Cone fraction - 0.4
300 -

.......................... -0.3

e o Y / A Y A NP S A ..
- -0.2
100—' -0.1
0 *r d BN T B o [ PR TR R S N R TR R P o G OO

Time (ns)
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Capsule ablator asymmetries arise from thickness variations
and non-closure/alignment of equatorial joint

. . Ablator asymmetry
% Al hemi-shells are diamond sources/sensitivities
- turned to ~300 nm surface _ _
I<_E .. « Hemi-shell outer/inner
S precision . surface machining modes
T + Registration of inner to . Hemi-shell surfaces non-
2 outer surface can only be concentricity
L controlled to ~2 um - Hemi-shell assembly 3D

offset (tied to joint feature)

Atomic force microscopy (AFM, General
Atomics) outer surface only

Computed tomography

(MST-7)
E B oo 1500
1000 //.\ /f\
500 ‘,?5 ﬁ\\\ \:§\
> I \\i\ 5 m\“\}\\\
£ /Y \ / N
8 SV N W
o S -1500 \\;\ - - \:kt\\ \
m -2000-4] \“\:
- -2500 \
m -3000 &\
E -3500
-4000-
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We use modern physics model standards in hohlraum
simulations and x-ray backlighting to assess shape

HYDRA Sensitivity Postshot
parameter studies simulations

Au wall zones 40 A first same
zone

DCA Au opac. yes yes

Photon group 120 85

resolution (total (180 underway)

bins)

Laser rays per 600 same

cone

Laser power 0.94 0.94

multiplier

Non-local e Used Flux limited

transport (non-local underway)

Self consistent Not used Not used

MHD

Inline CBET Not yet Not yet used
used

Angular zoning 1 same

(degrees/zone)

O.S. Jones et al., Phys. Plasmas 24, 056312 (2017)
Farmer et al. Plasma Phys Control Fus. 60 (2018).

Diagnosing symmetry uses laser-
driven x-ray source

Convergent ablator platform

We use outer x-ray
contour (maxslope) in
our comparisons

: ns acklit Image
pinhole convolved with 20um

limbmin PO = 294.4um, P2 = -15.690um, P4 = 0.
4 L L 1, |

400

Zr
backlighter

y (um)
7,

J.R. Rygg et al., Phys. Rev. Letts. 195001 (2014)
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Hohlraum symmetry is controlled by time-dependent
cone fraction and beam pointing

Predicted ablator P2 (closed) and P4 (open)
Legendre amplitude trajectories for 145 um Al.

Pulse shape (nominal) used in shape (Black squares are nominal design)

P . 10 - - - T T v T T T T T g T
sensitivity studies coned44: 55mm cone50: 5.4 mm ] 1 14
400 Totallaser power _ -0.5 cone44: 5.2mm cI::oonog[SCOI:: : 5.11 813: :
. o, A |
" Nl YRR DU PakcE 2w E iz
. ) N T
E 1 T T 03 $ o = ® ° : A A {10 &
= O i ™™ S naAle i %%, VU, o |
IR v - — 2P0 s 2
S 200 " ) Q . . o o o m {8 ¢
@ 02 & o OF N @
P2 1 S dohtl, EL L L1 TN (R | > 8_ A - P : : 8.
= 100+ 7 ® o i P 16 =
| - 0.1 x & A %
| & p A | s
0-: "o' ) 0.0 _5 - DR % A A 4
| L L SR LS SRS S PR ERUEL RS LS e L ] [ R AL LU | * O]
0 1 2 3 4 5 °0% o8 o8 - | 5
Time (ns) P4/P0 — 2 o ood
_10 1 1 2 1 " 1 " 1 N 1 1 0

200 220 240 260 280 300 320 340
Maxslope PO (um)

* We predict to be near optimum 33% peak cone fraction and outer cone pointing to minimize
P2, P4 in 575-scale hohlraum (case-capsule ratio = 2.6)




Sensitivity studies

Los Alamos National Laboratory

Surface non-concentricity is modeled as P1 thickness
variation

DB: hydropc00002.root ~20 um advanced at
Cycle: 2 49G73e-05 top pole

PreLdec ol
var den

- o 0.4
2.5 um thinner at
, top pole

€
3 2
: 0.0 N

0.4 S~ 100 200 300
Au hohlraum X (um)

0.0P.10.18.20.25
X (cm) T .
Full hohlraum radiation smoothing turned on

| 11
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Diamond turned Al shell outer surface
spectra show higher amplitudes than
sputter coated shells

1E+573 I
‘\ RMS (2): 1111 nm |
RMS (3-10): 922 nm|
1E+4: T : RMS (11-50)- 318 |
4 RMS (51-100): 75 nm |
(i RMS (101-1000): 58 nm |
| \ PN Avg smoothed with 5%
\\ | A%
1E+37 1 [A\Y
\ | \\, Diamond tumed
\ A
o~ 1E+27 Y
£ ; \
= X
=
g \
9 |
Q 1E+13 |
n :
% \
LY
g \
3 |
a |
1E+07 1
: \
4 N\ W
1E-1 1 = \
3 ~—
| Inner CH-NIF Revs \
Average PS in RED .
~
Inner CH Factor (2653001 | SDUtter Joatlnq
1E-2inner 12,699 |
Jinner ® 7.
M Fa
4 CH Fa 12): 694
Inner CH Factor (13-25): 87.83 \
].E = 3» inner CH.Fiﬂof [2§ 150;3508 l

1 10 100 1000
Mace amuer

‘3’ CENERAL ATOMICS Remove Both Peaks and Valleys |,

Sensitivity studies
Machined surface spectra motivates the need for outer
and inner surface mode sensitivity studies

Increasing mode number leads to higher growth

factors for outer surface (even) modes 2-10

Maxslope Pn/P0 (%)

| P2outer _.»
+P4 Pdouter™ o
.-+~ Pbouter
R il P8outer =«
2 : P10outer
1,695
P2
o« ® . -0.955
“ALQ
0.5 1 1.5 2 2.5 3

Initial Pn (um)

* Higher low-mode power relative to sputter coating comes from non-closure of joint gap

(see next slide)

* Recent fabrication improvements have substantially reduced gap closure along with low
modes (see backup slides 23 and 24)

e -
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Non-closure of equatorial gap is a dominant source of
low-modes in surface spectra

Bulk ablator shape non-uniformities may
arise during assembly due to joint misfits
or other assembly procedures

Hemi-shells

offset toward < 3

poles =

e

C‘E
0

/ 8‘

o

Gap remains %

open g
-10

10

O

Predicted sensitivity to bulk ablator shape modes when

same perturbation is placed on both inner and outer surface

P2infout  ®
+P4 > P4injout e
O rCTTT T 730383 ns GXDBackiit Image" =~~~ """ "7
! pinhole convolved with 20um H
:PO =294.1um, P1 = 0.002um, P2 = -35.338um, P4 = 1.921um :
§ ‘ i ' 785256414 |
"5.082 ; .
: 7.01537e+14
: & =l |
e D I\ |
e 1 " :
_P2 i e i ] . | , 1475610414 |
O "B g 400 200 0 200 400 :
.- =) xlum\ 1
" Note: all modes invert after shock transit ™
0 0.5 1 15 2 2.9 3 3.5 4

Initial Pn (um)
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Postshot modeling of experimental data
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Simulated trajectories are within 0.15 ns of measurements
with discrepancies possibly due to capsule fabrication*

"Non-closure of joint gap

PO Position
450 Total Power for Shots 200
—— N190520 1.5M) — = N180321 Sim
=9 — —— N180522 Si
4001 __ :i:gi;; igJSMJ = \~\‘|\23um/ns — = N181125 sim
—— N181125 1.25M = 350 > —— N190520
350 - %) K }\‘}\ ¥ N180321 Data
L = N My IR & N180522 Data
ho] . e s ¥ N181125 Data
E 300 1 g 200 < Jd e \\\\£ % ;I‘. § N190520 Data
| . (]) \\ \\\ \\
© 250 (@] ‘}\\ N AT Rl ¥ o
E 200 e 218um/ns | ﬁ\: N S~ \\
E 5 250 i v T\:\ - ot O o \\\\
© = \\ ~ \\ ~
5 150 = el ] Seans ~ i
= < 254um/ns Natags >N
100 b 200 - 2 | \\:::\\41um/ns
L N
S NS Sy
20 & o o~ 120 ps f
0 ! . } . | 150 . ; . ; | . LN
0 1 2 3 4 5 6 7.2 7.3 7.4 7:5 7.6 7T 7.8 7.9
Time [ns] Time [ns]

<29 '
Backscatter on each shot has been <2% (see backup slides) NYSE

ecurity Admi
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Simulated shape is generally in line with data, and changes in
cone fraction predict the direction of the P2 change

20 P2/P0O Percentage 20 P4/PO Percentage
35%-41% rising C t
15 T 15 —b\
| N ol 10 ] s+_1~~~~ |l
10 _______ : ___ -. -‘——\a.‘c: okt
4 ~ 5' Y y
§ > { il M [ § » ‘
o 0 = o 0
£ S b
S 3
A. _5 | == N180321 Sim +* _5 7 == N180321 S_im
- = N180522 Sim - = N180522 Sim
i - = N181125Sim A
—104__ :ig;;iz 2:: =101 __ \190520 sim
¥ N180321 Data ¥ N180321 Data
—151 @ N180522Data ! —15+{ @ N180522Data
¥ N181125 Data ¥ N181125 Data
§ N190520 Data 55 ¥ N190520 Data
_20 T T T T T T r == T T T T T T T
150 175 200 225 250 275 300 325 350 150 175 200 225 250 275 300 325 350
PO [um] PO [um]
300 -200 -100 O 100 200 300 i YR T & acY :
N180321 N180522 N18112 N190520
 2DconA ablators used sub-scale thickness and had non-zero gap openin o
NAYSE

(see backup metrology slides 19-22) T
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Conclusions and next steps

Sensitivity studies of identified asymmetry sources
 Inward pointing of outer cones by 300 um increases P4/P0 by 2%

* 4% change in P2/P0 observed for cone fraction change between 30-36%
« ~1 um P1 thickness variation leads to ~3% P1/P0 at collision time

« Quter and inner surface modes show increasing growth rate up to imposed
P10

Quantification of control

« Measured P2 shift due to designed cone fraction change was in qualitative
agreement with HYDRA postshot simulations

* Need to confirm that lack of quantitative agreement with N181125 is due to
capsule fabrication artifacts

Better control currently limited by ablator fabrication

« Equatorial joint gap closure to < 1 micron recently demonstrated

Continue asymmetry source assessment of point design double shell
performance (L2 milestone in FY22)

' a4\
25
National Nucloar Security Administration
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THANK YOU!
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Metrology for N180321-003

___ Dimension __|__measurement

Ablator thickness 106 micron
Joint gap 4-6 micron
Joint offset/step ? Compare top to bottom

Surface concentricity TOP: ?777?

BOT. 227 Compare outer to inner

Hohlraum length
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Metrology for N180522-002

___Dimension | _measurement

Ablator thickness 120 micron
Joint gap >3 um
Joint offset/step 3uminyY Compare top to bottom x ory

Surface concentricity TOP:1uminY Compare outer to inner
BOT: 1 um in X

Hohlraum length 10.16 mm
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Metrology for N181125-003

Capsule 1 Capsule 2

Ablator thickness 120 micron

Below CT
4 microninY

TOP: 0-1 um
BOT: 3 um vert

5 micron
3-6 um in X

TOP: 2 um vert
BOT: 3 um horz

Joint gap
Joint offset/step

Surface
concentricity

Hohlraum length
LEH diameter

DS_1118 01 Filtered PS
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Compare top to bottom

Compare outer to inner
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Metrology for N190520-002

Capsule 1

Ablator thickness 128 micron
Joint gap 7-10um
Joint offset/step 1-2 um in X Compare top to bottom x or y

Surface concentricity TOP: 2umin X, Y
BOT: 1 umin X Compare outer to inner

Hohlraum length 10.13 mm
LEH diameter 3.38 mm
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Improved fabrication is significantly reducing joint gap
closure and ablator surface modes

AAA-2 Joint thickness

L GESS
04 22 44 I

| 0 : 500
micrometers micrometers
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Improved fabrication is significantly reducing joint gap
closure and ablator surface modes

PhieoNER R Fltone R RS 2DconARC-AAA-2 Filtered Traces
1E+5 g \. Excluded Traces (X): \ 2000~
5 Traces: 00000
) 1800
RMS (2): 305 nm
1E+4: RMS (11-50) 128 ] 1008
: RMS (101-1000), 3 1400
Avg smoothed with 5% 1200
: |
800 !
~ 1E+23 6001 = WM“
E : T 400 - v QQ‘\ \
=1 = 200 /\M ‘:‘\ \. |/ 7 NN \
= =]
8 1E+1 = I i ) ™ T ™
g1 Oy N Y X
& 8 200 e -
: £ ol \
o i A -400 r Lo % | AP
s ‘ | VI W,
2 — -600 i
— ] w ) 3\
- -800-f:¥ V-
v ( \‘u \J
1E-15— , ' -1000 \
3 Outer CH-NIF Revs
| Inner CH-NIF Revs \ -1200
_| Average PS in RED
1E-2{34nabte o, T
gt o e e 1600
-| Inner CH Factor (2-6): 7.90
i i Foio 335308 =
1E_3_I1nner CHIFactolr (26.-15.0158;8‘9. . S . — -2000-
1 10 100 1000 0 45 90 135 180 225 270 315 360
Operator CK Mode Number [ Filter Threshold: 50 nm__| Qpesator: CK Angle (degrees) [ Filter Threshold: 50 nm__|

Location: B22-north Location: B22-north
Thu, Jul 01, 2021 1:29 PM ‘t‘ GENERAL ATOMICS | Remove Both Peaks and Valleys | . Thu. Jul 01. 2021 1:29 PM ‘t‘ GENERAL ATOMICS [ Remove Both Peaks and Valleys |,

NS

National Nucloar Security Administration

| 24




Los Alamos National Laboratory

* Note N180321-003 was first shot moving
to reduced P4 by shifting outer cone
pointing, increasing hohlraum length, and
reducing LEH size. Perhaps is useful to
show N170322-001 image for comparison

STRIP_03-FRAME_02 : t

= 7.59 Original Image
400 190 Vot d wTh W P ¥

-400 GRS
400 -2
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Shape values for each experiment show that there is
still progress to be made in reconciling experiment and

Pn/PO [%]
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Los Alamos National Laboratory

The root mean square deviation (RMSD) gives a quantitative
measure of how much experiment and simulation differ

 The RMSD is calculated by comparing the difference between
experimental and simulated data points using the formula

N )2
RMSD = [2=1C050

* x; Is the experimental value, X; is the simulated value, and N
is the number of experimental data points.

« Here predictability is defined as the RMSD being less than the
average experimental error for a given measurement.

PO RMSD | PO P2 P4 RMSD | P4
Average Average Average

Error Error Error

[um] [um] [um]

N180321 17.67 11.71 4.68 4.08 19.70 6.53
N180522 25.08 13.36 8.94 15.0 13.80 18.16
N181125 48.90 17.95 17.20 10.86 7.54 13.60
N190520 9.82 15.62 7.79 10.81 6.57 13.59

' a4\
\ 25
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Uncertainty estimation in shape analysis (Shahab
Khan, LLNL)

o Statistical

* Variations of the amplitUdeS Comparison of PO values for LLNL and LANL analysis
found from decomposition of 350.-
each iimage within a filter e
« Systematic
300

* Quadrature sum of correlation,
subtraction, and smoothing errors

Radius [um]
N N
(9] ~
o w
—.—
_._._
—————

e Correlation: small translations of
the image comparing resulting 225 + } u

shape metrics +
" L] L] 200-
 Subtraction: varying size of * LNLData +
. . 41 & LANL Data
ellipse that defines background | 5 S S — — — —
) 722 7383 T4 I5 T6 FiJ 7.8 T9 B8BO
region Time [ns]

« Smoothing: increase/decrease
levels of smoothing; using
gaussian kernels

' a4\
25
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Backscatter results

Al Al

N160120-001 Be capsule N160313-002 Be capsule N170222-003 capsule N170322-001 capsule

Quad Cone Quad Cone Quad Cone Quad Cone

Cone Estimate Estimate Cone Estimate Estimate Cone Estimate Estimate Cone Estimate Estimate

(kJ) (kJ) (kJ) (kJ) (kJ) (kJ) (kJ) (kJ)
23 deg. SRS 0.4 23 deg. SRS 0.03 0.24 23 deg. SRS 0.01 0.11 23 deg. SRS 0.02 0.12
23 deg. SBS 0 23 deg. SBS 0.54 4.29 23 deg. SBS 0.16 1.25 23 deg. SBS 0.15 1.21
30 deg. SRS 8.82E-03 30 deg. SRS 0.03 0.25 30 deg. SRS 0.03 0.27 30 deg. SRS 0.02 0.13
30 deg SBS 0.19 30 deg SBS 0.54 4.29 30 deg SBS 0.16 1.25 30 deg SBS 0.15 1.21
50 deg. SRS 0.01 50 deg. SRS 8.76E-03 0.14 50 deg. SRS 8.16E-03 0.13 50 deg. SRS 8.14E-03 0.13
50 deg. SBS 0.17 50 deg. SBS 0.06 1.02 50 deg. SBS 0.08 1.28 50 deg. SBS 0.07 1.16
44 deg. SRS 0.01 44 deg. SRS 8.76E-03 0.14 44 deg. SRS 8.16E-03 0.13 44 deg. SRS 8.14E-03 0.13
44 deg. SBS 0.17 44 deg. SBS 0.01 0.22 44 deg. SBS 0.02 0.28 44 deg. SBS 0.02 0.26
Total Total Total Total
Backscatter 0.97 Backscatter 10.6 Backscatter 4.69 Backscatter 4.34
(kJ) (kJ) (kJ) (kJ)
Laser Energy Laser Energy Laser Energy Laser Energy
k) 1021.86 k) 994.43 k) 1015.83 k) 1010.27

I Coupling 99.9 Coupling 98.93 Coupling 99.54 Coupling 99.57 I

Al
N171016-001 capsule

Al
N180321-003 capsule

Al
N180731-002 capsule

Al
N180918-001 capsule

Quad Cone Quad Cone Quad Cone Quad Cone
Cone Estimate Estimate Cone Estimate Estimate Cone Estimate Estimate Cone Estimate Estimate
(kJ) (kJ) (kJ) (kJ) (kJ) (kJ) (kJ) (kJ) N 1 80522 had 99%
23 deg. SRS 0.03 0.25 23 deg. SRS 0.04 0.31 23 deg. SRS 0.04 0.28 23 deg. SRS 0.03 0.24
23 deg. SBS 0.07 0.53 23 deg. SBS 5.74E-03 0.05 23 deg. SBS 8.61E-03 0.07 23 deg. SBS 0.03 0.26 N 1 90609 had 99%
30 deg. SRS 0.04 0.31 30 deg. SRS 0.05 0.41 30 deg. SRS 0.03 0.27 30 deg. SRS 0.04 0.3
30 deg SBS 0.07 0.53 30 deg SBS 0.07 0.53 30 deg SBS 0.07 0.56 30 deg SBS 0.06 0.49 N 1 8 1 1 25 had 98%
50 deg. SRS 8.87E-03 0.14 50 deg. SRS 7.74E-03 0.12 50 deg. SRS 8.60E-03 0.14 50 deg. SRS 8.21E-03 0.13
50 deg. SBS 0.98 15.62 50 deg. SBS 0.81 129 50 deg. SBS 0.84 13.38 50 deg. SBS 1.02 16.33
44 deg. SRS 8.87E-03 0.14 44 deg. SRS 7.74E-03 0.12 44 deg. SRS 8.60E-03 0.14 44 deg. SRS 8.21E-03 0.13
44 deg. SBS 0.21 3.44 44 deg. SBS 0.18 2.84 44 deg. SBS 0.18 2.94 44 deg. SBS 0.22 3.59
Total Total Total Total
Backscatter 20.97 Backscatter 17.29 Backscatter 17.78 Backscatter 21.49
(kJ) (kJ) (kJ) (kJ)
Laser Ener: Laser Ener: Laser Ener: Laser Ener:
.y 24 1029.78 .y 24 1027.08 "y 24 1045.58 P 24 1025.05
I Coupling 97.96 Coupling 98.32 Coupling 98.3 Coupling 97.9 I

NYSE,

National Nuclear Security Administration
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Better drive performance at 0.15 mg/cc fill or systematic
change to Dante since FY19?

310
3 290
© 280 —N210201
5 270 —N210302 0.15 mgicc Hed
8_260 -=N210224 | 0.3 mg/cc He4
g 250 ceyholed —N200914
w240 gL N190520] 1.5 mJ
co%ggg ----- N190609/ 1.5 MJ
—N180522
210

Time (ns)
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Sensitivity studies

Sensitivity to hohlraum gas fill

500 T T T T T
coned44: 55mm cone50: 5.4 mm o
gas fill: 0.15 mg/cc He4 ablator: 145 micron .
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T 400 P e .
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o e
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Ny gas fill: 0.03 mg/cc He4 ablator: 145 micron s 18
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7 o 14 @
x o x
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o©
_10 L 1 1 L 1 1 1 0
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HYDRA inner surface

P8 mode

7.40369 ns GXD Backlit Image
pinhole convolved with 20um
limbmin PO = 265.6um, P2 = 0.777um, P4 = 5.324pm
| ‘ ‘ 5

400

: 826436414
200
: 7.03097e+14
€
50
> [
H4.23550+14
-200
1.44004e+14

-400
-400

-200 0

ensity (g/cc
PO, P2/P0, P4/P0=262.379, -0.211, 0.087 %

P6/P0, P8/P0, P10/P0=0.011, -2.154, -0.019 %
14.009

Hohlraum Axis (um)

mode results

Maxslope Pn/P0 (%)

N

o

n

A

&
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Initial Pn (um)

Inner surface modes grow moderately faster than outer surface modes
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Los Alamos National Laboratory

LLNL is exploring larger scale hohlraum platforms to
significantly enhance energy coupling

In-flight radiography of large outer shell

Advanced hohlraums are expected to
couple 3-4x more energy to capsule

E

B -{' !
N190122: E 1& s
.« PO =329 +14 um %, TR ';;;;

P2/P0 =-9%
P4/P0 = 6% :
Convergence ~ 10 (& AAPE

1000 pm

RI: Y. Ping, V. Smalyuk (LLNL) N :
Designer: P. Amendt (LLNL) Y. Ping et al., Nature Physics (2018)

NYSE,

National Nucloar Security Administral
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Radiography data summar

Smoothed Image

N180321-003

-300 -200 -100 O 100 200 300

N180522-002

N180731-002
Glass inner

N181125-003 N190520-002

N180918-001

Glass inner N180430-001
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March 2021 double shell 2DconA showed evidence of a
joint feature dominating inner shell shape

: _ _ In-flight 16.3 keV radiography
First full double shell with a Cr inner shell and showed features indicative of

CD surrogate fl_‘.@! ____________________ ablator joint gap

800

+«—— W\l g

""""" 600 RS el
3 A
__________ ! |
5 400
35 mg/cc § |
CH foam 200 1§
Al ablator g s
. BT-900 ps
w 8 RAGE
il Cr shell opaque i i coNESRA
layer shell to 16.3 keV s ‘I
€
2 i
§ |
Rl 0 T T
L 200 mg/cc CD foam sphere Position (um)
l overcoated with 35/30 micron Cr/Be
General Atomics 74
< : NYSE
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High-Z shells offer new opportunities to assess power
balance in a confined, burning plasma

*Montgomery, Daughton et al., Phys. Plasmas 25, 092706 (2018)

4
(pR* fmmp Q)OA

Q>

T}ceV >

*  Ensures burn begins before peak
compression

*  ‘Robust’ to implosion asymmetries
and pusher/fuel mix

* Does not include radiation losses...

Fusion heating rate must exceed

expansion losses

0.8 [

06 [

04[

0.2

—2keV

—38 keV
—16 keV

fraction a-absorbed

0
0 0.2

pR (g/cm?) T (keV)

0.4 0.6 0.8
PR (g/cm’)

1

0.25 >4.6
0.35 > 3.9
0.60 > 3.1

|Specific Power| (kJ/ns/ug)

10

How important are radiation losses in a
volume burn system?

— PdV Work
— Rad. Loss g

— TN Deposition '
== Sum '

Cond. Loss i

....

1 2 3 5 6 74 8

T: [;eV]
Mass-averaged fuel temperature
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Los Alamos National Laboratory

FY20/21 keyhole experiments used to constrain shock
and preheat as independent sources of asymmetry for
high-Z inner shell

HYDRA shock trajectories in double shell

point design
Au L-shell spectrum measured through LEH

on keyhole shot N200914-001 gooS v e bbb e

500 . - . |

450 £ = Main shock y |

400 & 350 — \
350 = =
& 300 £ E
2 250 3 =
= 200 £ 300—
150 «© -
100 =2 5
= i
50 5 -

0 3 _——'———~-ﬁ..a.s.-.‘ ----
8 10 12 14 16 18 20 250—
Photon Energy (keV) = Preheat shock

NXS analysis, C. Krauland (GA) -1 T =

200ﬁ||||||1|||||| AENERREN |||II]II‘vI|—_
1 2 3 4 5 6 7 8

Time (ns)

* Preheat (Au L-shell) and main shock set inner shell adiabat
* Accurate Au L-shell modeling requires non-local thermal conduction and nLTE DCA opacities
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February 2021 keyhole made first measurement of
preheat asymmetry in a double shell

' 10.7 keV

9.5 keV

Photon energy

Velocity (km/s)

Raw line VISAR data showing W inner
surface motion. Used 20 micron W and
20 micron Be shell

F [N210224-001]
— |— Equator |

Time (ns)




